Based on the natural logarithm of known population mean of an auxiliary variable, x, the study introduces logarithmic ratio and product-type estimators of the population mean of the study variable, y, in simple random sampling without replacement (SRSWOR) scheme. Part of the efficiency conditions for the proposed logarithmic estimators to be more efficient than the existing exponential ratio and product-type estimators, as well as the customary ratio and product-type estimators, is that the natural logarithm of the known population mean of the auxiliary variable, x, must be greater than 2. Generally, there is a high tendency for the proposed logarithmic estimators to be more efficient than existing customary and exponential ratio and product-type estimators when the natural logarithm of the auxiliary variable population mean is greater than 2. The theoretical results are illustrated and confirmed using some numerical datasets.
Introduction
The use of auxiliary information to improve estimates of population parameters of the study variable is well-known in sample surveys. The ratio-type estimators are preferred when there is a highly positive linear relationship between the study and auxiliary variables described by a straight line that passes through the origin. Regression-type estimators are preferred if the straight line does not pass through the origin. When there is a highly negative linear relationship between the study and auxiliary variables with the regression line passing through the origin, the product-type estimators are most preferable. Cochran (1940) introduced the customary ratio-type estimator, while Murthy (1964) proposed the customary product-type estimator. Srivastava (1967) discussed a power transformation estimator for which the customary ratio and product-type estimators are special cases. The use of auxiliary information in form of exponential ratio and product-type estimators was initiated by Bahl and Tuteja (1991) . Many other scholarly works on the use of auxiliary variables exist in literature [Kadilar and Cingi (2004) , Khoshnevisan Consider a random sample of n units drawn from a population of N units using simple random sampling without replacement (SRSWOR) method. Let y and x respectively denote the study and auxiliary variables, where the population mean (X) of the auxiliary variable is assumed known. Cochran (1940) proposed the customary ratio-type estimator as:
whereȳ andx are sample means of the study and auxiliary variables respectively. The estimator,ȳ R is biased for the population mean (Ȳ ) of the study variable, with its bias and mean square error obtained up to first order of approximations as:
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is the population covariance of y and x f = n/N and R =Ȳ /X are sampling fraction and population ratio respectively. Murthy (1964) proposed the customary product-type estimator as:
The estimator,ȳ P is biased for the population mean (Ȳ ) of the study variable, with its exact bias and mean square error obtained up to first order of approximations as:
Bahl and Tuteja (1991) introduced exponential ratio and product-type estimators of the popoulation mean,Ȳ , respectively given by:
The exponential ratio-type estimator, t R is biased forȲ with bias and mean square error obtained up to first order of approximations as:
Similarly, the exponential product-type estimator, t P is biased forȲ with bias and mean square error obtained up to first order of approximations as:
The present study looks beyond the customary and exponential ratio and product-type estimators proposed by Cochran (1940) , Murthy (1964) and Bahl and Tuteja (1991) , all of which uses the known value of the auxiliary variable population mean. The study introduces logarithmic ratio and product-type estimators based on the natural logarithm of the known population mean of the auxiliary variable. The exponential-type estimators are known to perform better than the corresponding customary ratio and product-type estimators, in terms of having smaller mean square errors, under certain efficiency conditions. The question therefore arises as to what happens when the conditions that favor exponential-type estimators over the customary estimators are not readily satisfied. The answer, of course, lies in the use of other efficient estimators that would perform better than both the existing exponential and customary estimators. The search for such efficient estimators leads us to consider logarithmic-type estimators, knowing that logarithm is the inverse operation to exponentiation. Hence, the relevance of the present study.
The proposed logarithmic estimators
Based on the natural logarithm of the known population mean (Ln(X)) of the auxiliary variable (x), we propose logarithmic ratio and product-type estimators of the population mean (Ȳ ) of the study variable (y) in simple random sampling without replacement (SRSWOR) scheme respectively as:
The proposed logarithmic ratio-type estimator, L R , is constructed by taking the ratio of the sample mean,ȳ of the study variable and the natural logarithm of the sample mean, Ln(x) of the auxiliary variable and multiplying by the natural logarithm of the known population mean, Ln(X) of the auxiliary variable. On the other hand, the proposed logarithmic product-type estimator, L P , is formulated by taking the product of the sample mean,ȳ of the study variable and the natural logarithm of the sample mean, Ln(x) of the auxiliary variable and dividing by the natural logarithm of the known population mean, Ln(X) of the auxiliary variable. Both estimators are defined and meaningful only if Ln(X) = 0 and Ln(x) = 0, otherwise, they are both undefined.
Properties of logarithmic ratio-type estimator
The proposed logarithmic ratio-type estimator, L R , is biased for the study variable population mean,Ȳ . Theorem 1 gives expressions of its bias and mean square error up to first order of approximations.
Theorem 1: Let k = 1/Ln(X), then the proposed logarithmic ratio-type estimator, L R is biased forȲ with its bias and mean square error obtained up to first order of approximations as:
Proof: Let
Then E(e 0 ) = E(e 1 ) = 0 (18)
Now, we can write the natural logarithm of the sample mean,x as:
Assuming that |e 1 | < 1, which is trivial and easily satisfied in most practical surveys, we can expand Ln(x) up to first order of approximations in expected value as:
Dividing both sides of (23) by Ln(X) gives
Taking the reciprocal of (24) and expanding up to first order of approximations in expected values gives:
Using (13), (17) and (25), we rewrite the proposed logarithmic ratio-type estimator, L R up to first order of approximations in expected value as:
Or
Taking the expectation of both sides of (27) and using (18) -(21) to make the necessary substitutions gives the approximate bias of L R as:
x − kS yx as stated in the theorem. To obtain the mean square error (MSE) of L R , we first square both sides of (27) and expand up to first order of approximations in expected value to obtain:
Taking the expectation of both sides of (28) and using (18) -(21) to make the necessary substitutions gives the approximate mean square error of L R as:
as stated in the theorem. This completes the proof.
Remark 1: The proposed logarithmic ratio-type estimator, L R , would be as efficient as the customary ratio-type estimator,ȳ R , in terms of having the same mean square error if:
Remark 2: The proposed logarithmic ratio-type estimator, L R , would be as efficient as the exponential ratio-type estimator, t R , in terms of having the same mean square error if:
Properties of logarithmic product-type estimator
The proposed logarithmic product-type estimator, L P , is biased for the study variable population mean,Ȳ . Theorem 2 gives expressions of its bias and mean square error up to first order of approximations.
Theorem 2: Let k = 1/Ln(X), then the proposed logarithmic product-type estimator, L P is biased forȲ with its bias and mean square error obtained up to first order of approximations as:
Proof: Using (14), (17) and (24), we rewrite the proposed logarithmic product-type estimator, L P , up to first order of approximations in expected value as:
Taking the expectation of both sides of (34) and using (18) -(21) to make the necessary substitutions gives the approximate bias of L P as:
x as stated in the theorem. To obtain the mean square error (MSE) of L P , we first square both sides of (34) and expand up to first order of approximations in expected value to obtain:
Taking the expectation of both sides of (35) and using (18) -(21) to make the necessary substitutions gives the approximate mean square error of L P as:
Remark 3:
The proposed logarithmic product-type estimator, L P , would be as efficient as the customary product-type estimator,ȳ P , in terms of having the same mean square error if:
Remark 4: The proposed logarithmic product-type estimator, L P , would be as efficient as the exponential product-type estimator, t P , in terms of having the same mean square error if: k = 1/2 or 1/Ln(X) = 1/2 or Ln(X) = 2 orX = exp(2) ≈ 7.389 (37)
Efficiency comparison
Remarks 1 and 2 stated the conditions under which the proposed logarithmic ratio-type estimator would be as efficient as the existing customary and exponential ratio-type estimators. Similarly, Remarks 3 and 4 stated the conditions under which the proposed logarithmic product-type estimator would be as efficient as the existing customary and exponential product-type estimators. In this section, we establish conditions under which the proposed logarithmic estimators would be more efficient than the existing customary and exponential ratio and product-type estimators, in terms of having smaller mean square errors. It is interesting to observe that the efficiencies of the proposed logarithmic estimators are affected by the natural logarithm (and the value) of the known population mean of the auxiliary variable.
Logarithmic versus customary ratio-type estimators
The efficiency conditions of the logarithmic ratio-type estimator over the customary ratio-type estimator are as follows: Theorem 3: The proposed logarithmic ratio-type estimator, L R is more efficient than the customary ratio-type estimator,ȳ R , in terms of having a smaller mean square error, if:
Proof: Using (3) and (16), the proposed logarithmic ratio-type estimator, L R would be more efficient than the customary ratio-type estimator, y R , if:
Ln(X)
, since k = 1/Ln(X). This completes the proof.
Logarithmic versus exponential ratio-type estimators
The efficiency conditions of the logarithmic ratio-type estimator over the exponential ratio-type estimator are as stated in the following theorem. Theorem 4: The proposed logarithmic ratio-type estimator, L R is more efficient than the exponential ratio-type estimator, t R , as well as the customary ratio-type estimator,ȳ R , in terms of having a smaller mean square error, if:
Proof: Using (10) and (16), and following similar procedure as in the proof of Theorem 3, the proposed logarithmic ratio-type estimator, L R would be more efficient than the exponential ratio-type estimator, t R , if:
, since k = 1/Ln(X). Hence the efficiency condition in (39), which implies that: as stated in (38). Consequently, (39) implies (38), indicating that under (39), the proposed logarithmic ratio-type estimator, L R , is more efficient than the exponential ratio-type estimator, t R , as well as the customary ratio-type estimator,ȳ R , in terms of having a smaller mean square error, as stated in the theorem. This completes the proof.
Logarithmic versus customary product-type estimators
The efficiency conditions of the logarithmic product-type estimator over the customary product-type estimator are as follows:
Theorem 5: The proposed logarithmic product-type estimator, L P is more efficient than the customary product-type estimator,ȳ P , in terms of having a smaller mean square error, if:
Theorem 5 can be proved by using (6) and (32), and following similar procedure as in the proof of Theorem 3.
Logarithmic versus exponential product-type estimators
The efficiency conditions of the logarithmic product-type estimator over the exponential product-type estimator are as stated in the following theorem. Theorem 6: The proposed logarithmic product-type estimator, L P is more efficient than the exponential product-type estimator, t P , as well as the customary product-type estimator,ȳ P , in terms of having a smaller mean square error, if:
Theorem 6 can be proved by using (12) and (32), and following similar procedure as in the proof of Theorem 4.
Logarithmic versus customary and exponential estimators
The proposed logarithmic ratio and product-type estimators are intended to particularly provide alternative efficient estimators when the efficiency conditions of the exponential estimators over the customary ratio and product-type estimators are not readily satisfied. For this to happen, it means that the exponential estimators, in the first place, would be less efficient than the customary estimators, which in turn would be less efficient than the proposed logarithmic estimators. In other words, we seek for situations where the customary estimators are more efficient than the exponential estimators but less efficient than the proposed logarithmic estimators. In this way, the proposed logarithmic estimators would be more efficient than both the customary and exponential estimators and serve as alternative efficient estimators over the customary estimators when the efficiency conditions of the exponential estimators over the customary estimators are not satisfied. The relevant results for the proposed logarithmic ratio and product-type estimators are respectively given in theorems 7 and 8.
Theorem 7: When the exponential ratio-type estimator, t R is less efficient than the customary ratio-type estimator,ȳ R , the proposed logarithmic ratio-type estimator, L R would be more efficient than the customary ratio-type estimator,ȳ R , as well as the exponential ratio-type estimator, t R , in terms of having the smallest mean square error, if:
Proof: Using (3) and (10), the customary ratio-type estimator,ȳ R would be more efficient than the exponential ratio-type estimator, t R , if:
Using (43) This completes the proof.
Theorem 8: When the exponential product-type estimator, t P is less efficient than the customary product-type estimator,ȳ P , the proposed logarithmic product-type estimator, L P would be more efficient than the customary product-type estimator,ȳ P , as well as the exponential product-type estimator, t P , in terms of having the smallest mean square error, if:
Theorem 8 can be proved by following similar procedure as in the proof of theorem 7. 
Numerical illustration
The proposed logarithmic estimators, like many univariate estimators, are based on known value of the population mean (X ) of the auxiliary variable. The estimators, precisely, use information on the natural logarithm of the known population mean of the auxiliary variable.
Theoretical results obtained in the present study indicate that efficiency conditions of logarithmic estimators over the customary ratio and product-type estimators are affected when Ln(X) > 1 orX > exp(1) ≈ 2.718, while for the exponential ratio and product-type estimators, the efficiency conditions of the logarithmic estimators are affected when Ln(X) > 2 orX > exp(2) ≈ 7.389. To verify the theoretical results using numerical illustration, consider the following two datasets for values of the known auxiliary variable population mean greater than or equal to 2.0. Dataset 1 involves positively correlated study and auxiliary variables for which ratio-type estimators are appropriate, while Dataset 2 involves negatively correlated study and auxiliary variables for which product-type estimators are appropriate. We use Dataset 1 (positively correlated study/auxiliary variables) for comparing the efficiencies of the ratio-type customary, exponential and proposed logarithmic estimators, while Dataset 2 (negatively correlated study/auxiliary variables) is for comparing the efficiencies of the product-type customary, exponential and proposed logarithmic estimators. Table 1 shows the percentage relative efficiencies of the logarithmic ratio-type estimator (PRE3) and exponential ratio-type estimator (PRE2) over the customary ratio-type estimator. Similarly, Table 2 shows the percentage relative efficiencies of the logarithmic product-type estimator (PRE3) and exponential product-type estimator (PRE2) over the customary product-type estimator. Table 1 indicates that the proposed logarithmic ratio-type estimator, L R is more efficient than both the customary (ȳ R ) and exponential (t R ) ratio-type estimators for cases 14-27. It is easy to verify that (39) holds for these cases, that is,X > exp(2) ≈ 7.389 and
. For cases 4-12 of table 1, the proposed logarithmic ratio-type estimator, L R is more efficient than the customary ratio-type estimator,ȳ R but less efficient the exponential ratio-type estimator, t R when exp(1) ≈ 2.718 <X < exp(2) ≈ 7.389 and
. Furthermore, the numerical illustration using Dataset 1, with results shown in table 1, confirms that the proposed logarithmic ratio-type estimator, L R is as efficient as the customary ratio-type estimator,ȳ R whenX = exp(1) ≈ 2.718 and also as efficient as the exponential ratio-type estimator, t R whenX = exp(2) ≈ 7.389. Table 2 indicates that the proposed logarithmic product-type estimator, L P is more efficient than both the customary (ȳ P ) and exponential (t P ) product-type estimators for cases 14-27. It can be easily verified that (41) holds for these cases, that is,X > exp(2) ≈ 7.389 and . For cases 4-12 of table 2, the proposed logarithmic product-type estimator, L P is more efficient than the customary product-type estimator,ȳ P but less efficient the exponential product-type estimator, t P when exp(1) ≈ 2.718 <X < exp(2) ≈ 7.389 and . Furthermore, the numerical illustration using Dataset 2, with results shown in table 2, confirms that the proposed logarithmic product-type estimator, L P is as efficient as the customary product-type estimator,ȳ P whenX = exp(1) ≈ 2.718 and also as efficient as the exponential product-type estimator, t P whenX = exp(2) ≈ 7.389.
Conclusion
The study introduced and discussed the use of logarithmic-type estimators of the population mean (Ȳ ) of the study variable, y in simple random sampling scheme, using information on the natural logarithm of the known population mean (Ln(X) ) of an auxiliary variable, x. Logarithmic ratio-type estimator was proposed for situations where the study and auxiliary variables are positively correlated, while logarithmic product-type estimator was proposed for situations where the study and auxiliary variables are negatively correlated. Properties of the proposed logarithmic estimators, including efficiency conditions over the existing customary and exponential ratio and product-type estimators, were obtained up to first order of approximations.
Both theoretical and numerical results revealed that part of the efficiency conditions for the proposed logarithmic estimators to perform better than existing customary ratio and product-type estimators is that the natural logarithm ofX must be greater than unity, that is, Ln(X) > 1 orX > exp(1) ≈ 2.718. Similarly for the proposed logarithmic estimators to be more efficient than the exponential ratio and product-type estimators, as well as the customary ratio and product-type estimators, part of the efficiency conditions is that Ln(X) > 2 orX > exp(2) ≈ 7.389. Consequently, there is a high tendency for the proposed logarithmic estimators to be more efficient than existing customary and exponential ratio and product-type estimators when Ln(X) > 2 orX > exp(2) ≈ 7.389. This is not to say that the proposed logarithmic estimators would be more efficient than the customary and exponential-type estimators once Ln(X) > 2 orX > exp(2) ≈ 7.389. Additional conditions stated in (39) and (41) must also be satisfied.
The proposed logarithmic estimators are therefore recommended for consideration for use over the customary ratio and product-type estimators whenX > exp(1) ≈ 2.718. Similarly, the proposed logarithmic estimators are recommended for consideration for use over the exponential ratio and product-type estimators whenX > exp(2) ≈ 7.389. However, the efficiencies of the proposed logarithmic estimators over the customary ratio and product-type estimators are guaranteed only when (38) and (40) are respectively satisfied. Also, the efficiencies of the proposed logarithmic estimators over the exponential ratio and product-type estimators are guaranteed only when (39) and (41) are respectively satisfied.
Among the most important results of the study are (42) and (45), which established the conditions under which the proposed logarithmic estimators would serve as alternative efficient estimators when the existing exponential estimators are less efficient than the corresponding customary estimators. Under these conditions, the exponential estimators would be less efficient than the customary estimators, which, in turn, would be less efficient than the proposed logarithmic estimators. Finally, the study also revealed the conditions under which the proposed logarithmic estimators would be as efficient as the customary and exponential ratio and product-type estimators. The theoretical results were verified and confirmed using numerical illustrations with two datasets.
